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(54) Use of some glycosaminoglycans for the manufacture of a medicament for the treatment of 
chronic renal failure 

(57) The use of some glycosaminoglycans like sulo- 
dexide, low molecular weight heparin and low molecular 
weight dermatan sulfate and of the medicines by 
parenteral use that contain them in the treatment of 
patients suffering from chronic renal insufficiency sub- 
jected to peritoneal dialysis is the object of the present 
invention. 

The effectiveness of this use has been shown tx>th 
by pharmacological studies carried out in nephrect- 
omized rats to whom a peritoneal damage has been 
caused and by clinical studies carried out in patients suf- 
fering from chronic renal insuffidency subjected to 
CAPD and treated by intraperitoneal route (i.p.) with 2 ml 
vials of VESSEL DUE F® containing 50 mg of sulodex- 
kJa 

A significant increase of the peritoneal transports of 
urea and of creatinine joined to a significant decrease of 
the protein-loss in the peritoneal effluent has been 
obsen^. Significant changes of the ultrafOtration 
capacity and of haemorrhagic-coagulative compGcations 
have not been observed during the study 
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Descilption 

BACKGROUND OF THE INVENTION 

The dironic renal insufficiency is a patfiology of remarkable clinical and socio-economic importance. The patients 
suffering from this pathology have to turn to a chronic sut>stitutive treatment of extmoorporeal dialysis or of peritoneal 
dialysis, this latter by Continuous Ambulatory Peritoneal Dialysis (CAPD). 

The CAPD technique during the last years has found an atwa^ growing use both because of the cheaper costs in 
comparison with those of the extracorporeal dialysis and for the easiness of execution which does not require the use 
of sophisticated equpfrtents. 

During the first years of its use the CAPD met with a lot of complications, peritonitis has been the most fearful, which 
limited its use and which during the time can cause peritoneal fibrosis and lowering of the capacity of periton^ transport, 
as r^rted by Firacasso A. and Bazzato G. In "Peritonitis during CAPD" at page 623 of the book "CAPD" edited by Di 
Paolo N. published in 1991 by Editoriale Bios of Cosenza. 

The new techniques of connection and the use of disinfectants have notably towered tiie frequency of the peritonitis, 
as r^rted by Buoncristiani U. glsL Dial. Transpl. 12. 1 4. (1 983) while at present the problem of the gradual loss during 
the time of the function and vitality of the peritoneal membrane pe^ists witii consequent lowering of the capacrty and 
selectivity of transport of the solutes as reported by Di Paolo N. etal.. Nephron 44. 204. (1 986). 

This depends on the progressive evolution of structural arKJ functional alterations of the peritoneum that become 
always nrwre evident with the passing of the dialysis treatment by limiting its therapeutical effectiveness as Di Paolo N. 
etal. showed at page 1 1 of the book Teritoneal dialysis" edited by La Qreca and published inl 985 by Wichtig of Milan. 
Serious proteins losses in patients already weakaied from the nutritional point of view can be found because of the 
worsening of the perfbnnance of the peritoneal membrane. 

No product at present exists, to our knowledge, that can be used in CAPD so as to prevent the structural and 
functional alterations of the peritoneal membrane. Such alterations cause the worsening of the peculiar characteristics 
of vitality, ultrafiltration capacity and selectivity of transport of the membrane essential for granting the therapeutical 
ieffectiveness of the dialysis treatment 

TTie years of treatment wrtii CAPD will be prolonged and the resort to ttie extracorporeal dialysis will be delayed by 
solving such problems. 

The abflity of the sulodextde. a glycosaminoglycan of natural origin made by a heparin fraction having a low antico- 
agulant activity and by a dennatan fraction, of preveting and curing the nephropathy caused by tfie diabetes, by fighting 
against the phenomena that cause tiie alterations of tiie renal structure and function has been shown in the European 
Patent Publication EP 0624374. 

Qotloib L £tsL Peril Dial. Bulletin 5. 212. (1985) pointed out how the peritoneal membrane shows structural and 
functional alterations during CAPD very similar to those observed in the proteinuric nephrotic syndromes. The similarity 
of such pathologic effects is due to tiie fact that the structural and functional alterations which occur at the level of tiie 
peritoneum during the dialysis closely follow the mechanism of ttie nephrotic syndroma 

On the basis of such remarks some glycosaminoglycans like sulodexide. low molecular weight heparin and low 
molecular weight dermatan sulfate can be taken into consideration as possible active principles for treating patients 
suff^ng from chronk: renal insuffk;iency subjected to peritoneal dialysis. 

DESCRIPTION OFTHE INVENTION 

Object of the present invention is the therapeutic use of some glkx>saminoglycans like sulodexide. glycosaminogly- 
can of natural origin also known as glucurony^ycosaminoglycan sulfate having a sulfation d^ee and an anticoagulant 
activity kjwer tfian those of heparin, low molecular weight heparin and low molecular weight dermatan sulfate and of the 
medidr^ containing them in the treatment of the patients differing from chronic renal insufficiency subjected to peri- 
toneal dialysis. 

Sulodexide (INN), a glycosaminoglycan of natural origin mari^ted under the trademari< VESSEL DUE F® , parna- 
parin (INN), low molecular weight heparin having a moleojlar weight equal to 4500 ±1000 Daltons ot^'ned by depo- 
lymwization of tiie heparin witti cupric acetate, hydrogen peroxide and ascorbic add and marketed under ttie trademaric 
FLUXUM ©and tiie low molecular weight demnatan sulfate having molecular weight comprised between 3500 and 8000 
D^tons obtained by depolymerization of the dermatan sulfate with cupric acetate and hydrogen peroxide as described 
in the European Patent EP 0221977 are prefened in the fulfOlment of the presert invention. 

The therapeutically effective dosages for this treatment depend both on tiie glycosaminoglycan used and on the 
kind of patient and can vary between a minimum of 20 and a maximum of 500 mg a day. The daily dose prefenred in the 
fuH iOment of the present invention is comprised between 40 and 250 mg of glycosaminoglycan a day and can be admin- 
istered in one or more of ttie five daily treatments of CAPD usually prescribed in ttie patients suffering from tenminal 
uremia. 
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Vials containing the gtycosanoinoglycans in solution for parenteral use, which are added to the liquid for the dialysis 
administered by intraperitoneal route, are the pharmaceutical preparations preferred in the fulfillment of the present 
invention. 

Vials containing sulodexide in solution for parenteral use. for instance the medicine marketed under the trademark 
VESSEL DUE F® whose 2 ml vials have a I'pasemlc activity equal to 600 SLU. and contain 50 mg of sulodexide in 
sterile physiologic solution, and vials containing low molecular weight heparin known as parnaparin marketed 
under the trademark FLUXUM ®, whose 0.3 ml vials have an antithrombotic activity equal to 3200 1.U. aXa and contain 
40 mg of parnaparin in sterile physiologic solution, are preferably used. 

The use of the glycosaminoglycans improves the performance of the CAPD by lowering in particular the protein- 
lo6S in the dialytic liquid because it prevents the structural and functional alterations by improving the capability and the 
selectivity of fOtration of the membrane. Their use can consequentiy cause a prolongation of the periods of treatment 
with the CAPD so delaying the need of turning to the extracorporeal dialysis. 

The therapeutic effectiveness and the lack of side effects of some glycosaminoglycans in the peritoneal dialysis 
have been shown by experimental studies in an animal nxxiel and by a cGnical trial in man. 

In the experimental pharmacological studies the rats have been submitted to a treatment with diethylhexylphthalate 
in order to cause the peritoneal damage according to the method described by Fracasso A. fitaL Trans. ASAIO 3a, 3. 
(1987). after tiie induction of the renal insufficiency by subtotal nephrectomy. 

Sut>sequentiy the rats have been divided in two equal groups, to one (treated group) a glycosanrvnoglycan has been 
adntinistered for 7 days by subcutaneous route while the other (control group) has not been given any administration of 
glycosaminoglycan. 

Subsequaitiy both groups of rats have been submitted to tiiree cycles of peritoneal dialysis and tfie values of essen- 
tial parameters like the ratio between the concentration of the urea in the diaiytic Gquid and in the plasma (D/P). the 
protein-loss, the ratio between tiie final and basal concentration of the glucose in ttie dialytic liquid (D/Do) and the 
capability of ultrafiltration that are considered indispensable to show the effectiveness and tiie selectivity of the transport 
of peritoneal ment)rane have been eraluated. 

The experimental studies have been carried out on a representative number of rats, as descnlsed in detail in the 
exarhples reported to illustrate the invention witiiout limiting it These pharmacological studies have clearty shown the 
achievement of tfiis scope of the present invention because the treatment witti all the tested glycosaminoglycans caused 
a significant improvement of the parameters indicating ttie effectiveness of the dialysis. In particular, the animals treated 
with tiie glycosaminoglycans have shown, in comparison with the controls, a significant lowering of the peritoneal loss 
of proteins and a significant inaease of the exaetion of metabolic toxic substances having low molecular weight like urea. 

The variations of ttie values of these parameters are considered as recognized indexes of the improvement of the 
peritoneal functionality and find a renrwkaWe check in the microscopic surveys that show a lowering off the degenerative 
processes and of the morphofogic-structural alterations of tiie peritoneum. 

The clinical test, carried out in order to confirm ttie experimental data obtained in the animal model and to show ttie 
th&apeutic effectiveness in man of one of the glycosaminoglycans, precisely the sulodexide. envisaged tiie daily treat- 
ment witfi sulodexide tor one month off patients subjected for at least tiree years to a dialytic treatment by CAPD. After 
a montti of treatment witti sulodexide, a perkxl off time off the same lenght has been scheduled in which tiie CAPD has 
been carried out wittiout the contemporaneous administration off the drug, period named in technical jargon \rash ouT. 

Essential parameters like the D/P off the urea, the D/P off the creatinine^ the protein-loss and the net ultrafiltration 
indispensable to show the effectiveness and ttie selectivity of tiie dialytic treatment have been compared among ttiem 
to evaluate the therapeutical effectiveness of ttie sulodexkle. Such values have been checked before ttie starting, at ttie 
end of the treatment witti sulodexide and at the end off the period of "wash ouT. 

The cl inical test has been candied out on a representative number of patients suffering from chronic renal insuff k^'ency 
in ttie manner described in ©(ample 4 reported to show the invention without limiting it A dose off 50 mg of sulodexide 
contained in a 2 ml vial of ttie medicine mari<eted under ttie trademari^ VESSEL DUE F® has been administa-ed by 
intraperitoneal route to ttie patients submitted, as usual, to five dialy exdianges off dialytk; solution, togettier witti ttie 
liquid of dialysis of ttie last treatment, i.e. the night-treatment 

The clinical study has clearty shown ttie achievement of the goal of the present invention because ttie values of ttie 
parameters indicating ttie effectiveness of ttie dialytic treatment have significantiy been improved at the erxJ off ttie period 
of treatment with sulodexide. The improved selectivity of the transport of membrane continued during ttie time, as shown 
by ttie trend of ttie values of ttie parameters tested which continued to be better ttian ttie basal values also after ttie 
suspensron of the treatment In particular, ttie clinical results showed a agnJffcant lowering off ttie protein-toss and a 
significant increase of ttie peritoneal transport of urea and aeatinina The clinical results have fully confimied ttie phar- 
macological results, showing how ttie treatment witti sulodexide is able to lower the pa^itoneal protein-loss and to 
increase the elimination of the toxic sut>stances having a low molecular weight 

The results off ttie phanmacologtcal tests in the animal and off tiie dinical treatment in man have altogettier shown 
how ttie glycosaminoglycans have signifkxmtiy improved ttie selective transport of membrane and have lowered ttie 
protein-loss consWered of fundamental importance in the renal pathology characterized by serious nutritive def idend^ 
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The exanrples reported underneath have to be considered as a further Olustration of the invention am) not as an its 
limitation. 

Treatment with sulodexide of neohrectomized rats 

Twenty male Sprague Dawley rats, weighing t)etweei 250 and 350 grams, with chronic renal insufficiency induced 
t>y subtotal nephrectomy with removal of 5/6 of the rer^ parenchime {monoiateral nephrectomy and upper and lower 
polectomy of the contralateral kidney) have been used in the study After 1 5 days of rest the rats have been treated with 
a dose of diethylhexylphthalate equal to 0.35 mg/kg of corporeal weight once a day for 7 days so that to cause paitoneal 
ftorosis according to the method described by Fracasso A. eta!.. Trans. ASAIO, 3a. 3, (1987). Ten of these rats have 
been used as control Qxovp while to the other ten, treated group. 10 mg/kg of body weight of sulodexide have been 
administered by subcutaneous route for a period of 7 days. Three days after the end of the treatment the rats of both 
groups, under general anesthesia, have been subjected to 3 cydes of CAPD (12 minutes of standing and 3 minutes for 
the drainage) with 20 ml of dialytic solution containing 2% of glucose. 

The Ibllowing parameteres have been evaluated on haematic samples and on peritoneal santples of the drainage 
\U\ufd: 

1. ratio between the concentrations of urea in the dialytic liquid and in the plasma (D/P urea); 

2. net ultrafiltration (UP): 

3. clearance of the albumine (dear, alb.) ; 

4. ratio between the end and basal concentrations of the glucose in the dialytic liquid (D/Do). 

Moreover a sarrple of peritoneal membrane has been taken from each rat for the optica! and electronic microscopy 
The data reported in table 1 show how the treatment with sulodexide has caused a signif fcant Increase of the trans- 
port of urea and of the capability of ultrafiltration tog^her with a significant lowering of the clearance of the albumin and 
of the D/Do. 



TaUel 



RATS 


Dyp urea 


UF 


Clear, alb. 


D/Do 


Control Group 


0.22±0.03 


0.4€ct0.3 


40.7±9.1 


0.56t0.05 


Treated Group 


0.361]0.04 


1.440.63 


16.6±7.3 


0.52t0.02 



The results obtained show how sulodexide prevents the damage caused by the treatment with the toxic agent 
(diethylhexylphthalate) on the selectivity of transport of the peritoneal membrane. They find con-oboration in tiie nrwr- 
phological data pointed out by the microscopic check that shows the lessening of the Interstflial f ibrotic processes in the 
peritoneum of the animals treated with sulodexida 

Treatment with parnaparin of neohrectomized rats 

The test has been carried out in the same way as that descrtoed in example 1 by using a parnaparin dosage (10 
mg/l^ of animal) equal to the dosage used for sulodexide in example 1. The experimental data which show the frfiar- 
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maoological effectiv^ess of parnaparin are reported in table 2 below. 



Table 2 



RATS 


D/P urea 


UF 


Clear, alb. 


D/Do 


Control Group 


0.26±0.04 


0.51±0.30 




0.5S±0.08 


Treated Group 


0.42t0.05 


1.3340.34 


14.9t2.2 


O.49tt0.O6 



10 

EXAMPLES 

Treatment with low molecular weight dermatan sulfate of neohrectomized rats 

15 

The test has been earned out in the same way as that descrbed in example 1 by using a dosage of low molecular 
weight dermatan sulfate (20 voq/kg of animal) double in comparison with the dosage used for sulodexide in example 1 . 

The experimental data which show the pharmacological effectiveness of the low molecular weight dermatan sulfate 
are reported in table 3 below. 

20 

Tables 



RATS 


D/P urea 


UF 


Gear. alb. 


D/Do 


Control Group 


0.19ti).03 


0.51±0.21 


44.5±7.4 


0.4at0.04 


Treated group 


0.3G10.05 


1.24±D.40 




0.4640.07 



30 EXAMPLE 4 

Treatment with sulodexide of patients submitted to CAPD 

Sixteen patients suffering from terminal chronic renal insufficiency treated from 32 to 49 monttrs by continuous 
35 arrtolatory peritoneal dialysis (CAPD) have been inserted in the study of dinical experimentation. For a period of 30 
days the patients have been submitted, as usual, to 5 daily exchanges of solution for peritoneal dialysis. 

A 2 ml vial of VESSEL DUE F® containing 50 mg of siiodexide has been added to the nocturnal exchange during 
7-8 hours. At the end of the period of treatment witii sulodexide a wash out period of 30 days followed. 

The following parameters have been evaluated at the starting and the end of tiie treatment and after 30 days of 
40 wash out: 

1. D/P urea; 

2. D/P creatinine; 

45 

3. protein-loss; 

4. net ultrafiltration (UF). 

so 



ss 
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The values of the above mentioned parameters are reported in tak)le 4 t)eIow. 



Tat3le4 



TIME 


D/Purea 


D/P creatinine 


UF 


Protdn-loss (mg/24 h) 


Basal 


0.8G±0.09 


O.TatO.OT 


0.9Q±0.8 


13.0Zt5.85 


End of treatment 


0.9210.05 


0.82±0.09 


1.1&10.6 


9.80t£3.78 


End of wash out 


0.8G±0.11 


0.75db0.09 


0.99±1.0 


12.38t3.09 



The examination of the data reported in table 4 shows how the treatment with sulodexide caused a signfficant 
increase of the peritoneal transports of urea and aeatinine together with a significant lowering of the protein-<oss in the 
peritoneal effluent without any significant change of the capability of uftraf Otration. 

The study of the coagulative parameters (fibrinogen, I.N.R.. PTT and platelets) did not show any significant change 
during the study. Moreover during this period no haemorrhagio-coagulative complication and no side effect have been 
found, things that have shown the absolute safety and reliability of the use of sulodexide in the CAPD. 

Clatms 

1. Use of therapeutically effective amounts of glycosantinoglycans selected from sulodexide, low molecular weight 
h^in and low molecular weight denmatan sulfete in the treatment of patients suffering from chronic renal insuff i- 
dency submitted to peritoneal diafysis. 

2. Use according to claim 1 characterized tn that the low molecular weight heparin is pamaparin and the low molecular 
weight dermatan sulfate has a molecular weight between 3500 and 8000 Daltons and is obtained by depolymeri- 
zation of the denmatan sulfate with cupric acetate and hydrogen peroxide. 

3. Use according to each of claims 1 and 2 characterized in that the therapeutically effective amounts are made by 
daily doses between 40 and 250 mg. 

4. Use of sulodexide, parnaparin and low molecular weight dermatan sulfate with molecular weight between 3500 and 
8000 Daltons obtained by depolymerization of the dermatan sulfate witii cupric acetate and hydrogen peroxide in 
the manufacture of medidnes for the treatment of patients suffering from chronic r«ial insuffia'ency submitted to 
peritoneal dialysis. 

5. Use according to daim 4 characterized in that the medidnes are in the shape of vials for parenteral use. 

6. Use according to daim 4 characterized in that tiie medidnes are administered by intraperitoneal route. 
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